SUMMARY: The coastal demersal fish assemblage exploited commercially by the Viareggio fleet was assessed in order to define its exploitation status and sustainability. A production model was used provided management benchmarks for the species for which available data are limited. The ASPIC Surplus production model was used. The results showed a depleted population for most of the species involved (B 2008 /B 0 between 0.05 and 0.35) with high relative fishing mortality (F 2008 /F MSY between 1.18 and 1.64). Population projections using ASPIC-P allowed the exploitation strategies to be evaluated for a 10-year period. None of the populations are predicted to recover to B MSY if fishing effort remains at the 2008 levels. A reduction in effort of about 40% should increase the biomass in the medium-term of most of the species to B MSY or over, with a fairly good increase in yields of the most valuable species.
INTRODUCTION
One of the largest Italian industrial fishing fleets operates in the Viareggio port. It is composed of 128 vessels, with 57 trawlers targeting coastal or deep-sea resources and 68 involved in small-scale fisheries. Viareggio fishing vessels have different sizes and tonnage, but relatively small-sized vessels (more than 60% of the vessels have GT<20, kW<150 and a total length <15 metres) are most common. Most of them (mainly those that are smaller) target demersal resources and in general use bottom trawl nets, which are called volantina locally.
Despite the importance of the fishing activities in this port, official statistics do not furnish enough information on operation areas, gear characteristics or the target species and effective effort exerted by a single vessel during each fishing trip. In order to fill the gap,
MATERIALS AND METHODS
Landings and specific effort data of the Viareggio fleet for the period from 1990 to 2008 were analysed. Details on sampling design can be found in Abella et al. (2001) . The statistical population analysed is constituted by all the vessels that operate during the year from the Viareggio port using bottom trawl nets and targeting coastal demersal species.
The basic survey design was a simple random sample. On average, during each visit, more than 50% of the vessels were sampled by direct observation of the landings. Field work was performed by well trained staff and information gathered on a monthly basis.
Fishers were interviewed personally during the landing procedures and asked questions concerning the gear used, fishing area, depth and the number and duration of tows. Observing landings directly allows the number of boxes to be quantified by species, and this was successively transformed into weight. The abundance index LPUE (landings per unit effort) was calculated for each species as "total weight in kg of the landings/ fishing effort" with effort expressed as effective hours of fishing excluding the time spent setting and hauling or going to the fishing grounds. The discard rate values for the analysed species can be considered negligible in this coastal fishery and these rates remained unchanged throughout the studied period.
It was considered unnecessary to standardise fishing power for the vessels after an analysis of the catch performance of the vessels exploiting the coastal demersal assemblage was carried out by size (length, engine power, gross tonnage). The analysis correlated the main structural characteristics of the vessels with their corresponding catch rates obtained in the same time and place, and showed that, within the narrow size range of the vessels in the fishery, there were very few differences in their catch performance. Moreover, the general distribution of the fleet structure remained almost unchanged over the considered time period. The mean duration of hauls for each trip for each month derived from the sampling at the landing site was used with the available information on number of fishing days per vessel for each month to find the total fishing time. The detail levels of this information allowed effort to be expressed as hours actually devoted to fishing. Mean LPUEs (kg/h) were used for estimating total catch per month by combining this information with the information on fleet activity expressed in fishing hours.
The study regards the group of vessels, namely the coastal trawl fishery, operating near the coast (in general up to 150 m from the shore) that targets a multispecific groundfish assemblage. The analyses were performed on each of the 8 main species that on average accounted for 65% of the mean total landings (Squilla mantis, Sepia officinalis, Mullus barbatus, Merluccius merluccius, Penaeus kerathurus, Eledone cirrhosa, Gobius niger and Chelidonichthys lucerna) and also on the entire species assemblage. With the exception of European hake (Merluccius merluccius), that is also exploited by trawlers operating in deeper waters and by the artisanal fleet, the other species can be considered to be exploited almost exclusively by the coastal bottom trawlers. The spatial distribution of fishing effort is shown in Figure 1 .
In order to assess the current situation of these stocks and of the entire assemblage, an approach based on a biomass dynamic model was chosen in order to define the Maximum Sustainable Yield. The analyses were performed using the ASPIC 5.33 software (A StockProduction model Incorporating Covariates) (Prager, 1994 (Prager, , 2005 . This program implements a non-equilib-rium, continuous-time, observation-error estimator for the production model (Schnute, 1977; Prager, 1994 
where B t is the population biomass at time t, K is the carrying capacity, r is the intrinsic rate of increase, q is the catchability coefficient and f is fishing effort. Data was fitted with a regular least squares procedure that can be used in conjunction with a robust objective function (least absolute values), which uses an iterative procedure for minimisation, in particular a Simplex-based method.
The parameters are estimated assuming that the errors in yield or effort are multiplicative and have a constant standard deviation. Therefore, the residuals are accumulated in logarithmic transform. The minimised objective function is:
here I indexes the data series, j the year, ω is the statistical weight of the series, Y ij is the observed yield or biomass index or estimates from series i in year j, and Ŷ ij is the corresponding predicted value.
ASPIC uses bootstrapping to estimate bias-corrected (BC) confidence intervals for many quantities of interest. Bias-corrected confidence intervals were computed by standard methods (Efron and Gong, 1983 ).
Production models estimate some quantities more precisely than others. Among those that are estimated more precisely are the maximum sustainable yield (MSY), optimum effort (f MSY ) and relative levels of stock biomass and fishing mortality rate.
A number of general assumptions are associated with production models (Quinn and Deriso, 1999) : the production over time is assumed to change with population size; the intrinsic rate of population growth r and the carrying capacity K are assumed constant; and any change in the biotic and abiotic environments is ignored.
The production model estimates several benchmarks and status indicators that are useful for understanding biology and improving management. These quantities include relative biomass (B curr /B MSY ), relative fishing mortality (F curr /F MSY ), population biomass (B), and maximum sustainable yield (MSY). Point estimates and 80% confidence intervals for each of these quantities were calculated for each model run.
Considering that the software used produces direct estimations of B 1 (estimated initial Biomass), r, K and q, no educated guesses of any of the parameters were used. However, specific assumptions about population values are required by the model as initial guesses. Starting guess values of MSY and K were based on the historical information on the size of the commercial catches of the Viareggio fleet and the previous information regarding the level of fishing pressure exerted. Several trials were carried out and fittings analysed in order to quantify the model's sensitivity to the starting values.
The production model was conditioned on catch, given that landings data are assumed to be more precisely measured than effort.
Fishery-dependent data were available from 1990 to 2008 from the bottom trawl fisheries. Abundance indices based on landings-per-unit-effort (LPUE) for these fisheries were calculated from the annual number of fishing hours and landings in weight (kg).
The population estimates calculated with the surplus production model were used to project the population forward in time for a period of 10 years at different levels of F to evaluate changes in biomass and potential harvest levels. Longer periods for forecasting were considered unsuitable considering that confidence in projection results decreases at longer time intervals. The trends in relative biomass over time for a range of fishing mortality levels were evaluated with F at 2008 levels (F curr ) then proportional reductions in the mortality rate. The chosen reduction levels of the current F were 0% (current level of harvest unchanged), 20%, 40%, 60%, 80% and 100% (complete cessation of fishing activities). The biomass level reached at the end of the prediction time period under each harvesting scenario was assessed, as well as the number of years required for the population (including 80% confidence intervals) to rebuild to B MSY . 
RESULTS
The vessels that use a variant of the traditional Italian bottom otter trawl net called volantina and that fish on coastal grounds make up the largest fraction of the Viareggio trawler fleet, as they perform more than 80% of the total trips. Figure 1 shows the spatial distribution of effort exerted by these coastal trawlers. This fishery is operative all year round with small seasonal fluctuations in activity. It targets a mixture of species with no constant dominance of any one species (Table  1 ). The total landings of the coastal trawling is about 1000 tons/year.
The fishery operates in the depth range from 15 to 150 m, but mainly between 20 and 50 m. A trip lasts on average 15 hours, with about 11 hours of effective fishing effort. Three to five tows are made, mainly performed during the daylight hours. Vessels are relatively small, from 11 to 24 m, with an engine power that is generally lower than 200 kw.
The number of vessels that target the coastal groundfish assemblage decreased over the analysed period from about 56 to 44 units (Fig. 2) .
Considering that during the study period fishing procedures, technology and daily fishing time per unit vessel did not undergo important changes, an effective reduction in the fishing effort can be assumed. The results for each species and for the species assemblage are shown in Table 2 . The current biomass levels are relatively low regarding K estimates, with a B/K rate ranging from 6% to 35%. Higher K values were estimated for Squilla mantis, Merluccius merluccius and Mullus barbatus. Values of the approximate confidence intervals derived from the bootstrapping procedure were reasonable considering the nature of the analysed data.
Values of r were generally relatively high, which is consistent with the relatively fast turnover that characterises most of the analysed species. Figure 3 shows the increasing abundance trend for 6 of the 8 selected species. The two exceptions are M. merluccius, which showed a negative trend up to year 2000 followed by a fairly stationary status, and Gobius niger which also showed a decreasing trend with more stable LPUE values in the last years. The LPUEs for According to the results derived from the surplus production model runs, the current levels of f and F for Table 1 for species codes. the single species and for the species mix were much higher than their corresponding f MSY and F MSY . The demersal assemblage appears severely depleted and even though fishing effort has decreased, the current harvest levels are too high for the stocks to rebuild to B MSY . Figure 4 shows the relative values of the current fishing mortality rate F and of biomass in relation to the values of F and B at the level of the Maximum Sustainable Yield (F curr /F MSY and B curr /B MSY ). Values of 1 occur when F or B equal the estimated values of their respective reference points F MSY and B MSY . As can be seen in the figure, the value of F along the whole analysed period is markedly higher than the F MSY (on average over 1.5 times). The current biomasses are much lower than B MSY (on average they are about 20-30% of B MSY ) for all the species, which means that the current biomasses are on average about 10-15% of their pristine levels.
Abundance enhancements were predicted with the forecasting routine for almost all the species with the scenario that effort is kept at the level of the last year. Figure 5 shows the the B curr /B MSY rates predicted for 2009 to 2018 for each single species and for the whole assemblage with F at the 2008 level. At this mortality rate, the figure shows that the biomass will not reach the B MSY level for any of the species.
Projections for some of the species suggest a relatively fast population recovery in the case that effort is reduced. Table 3 shows the estimated time needed to reach B MSY for each species at different levels of reduced fishing mortality.
In the complete absence of harvest, the approach predicts the rebuilding time to B MSY to vary from 2 to 7 years, depending on species. Simulations suggest that a 40% reduction of fishing effort for almost all the species would be needed for the biomass to reach the MSY levels (Fig. 6) . For M. merluccius and G. niger, however, at this level of effort reduction, the population biomass would still be very low, and hence it is expected that rebuilding to B MSY will take more than 10 years for the first species while it is unlikely to occur in the case of G. niger. In any case, the biomass levels of these two species are expected to reach 67% and 52% of the respective B MSY values after ten years with a further (albeit modest) increase in the successive years. Figure 7 shows the equilibrium yield curves for each of the 8 selected species and for the entire assemblage with the different the effort levels. The current level of annual effort estimated as 61726 fishing hours is excessive for all the species because it is well beyond their f MSY levels. The situation of G. niger is particularly critical. A reduction in the effort level of about 35-40% should allow all the species to reach a safer and more productive status.
DISCUSSION
Most of the European Union fish stocks are managed by setting annual total allowable catches (TACs); however, this strategy is difficult to apply, especially in multispecies fisheries, as is the case of most Mediterranean fisheries. According to Rijnsdorp et al. (2006) it is almost impossible to synchronically deplete TACs defined for the different species, and therefore fishing activity continues in practice even when the TAC for some species has already been reached. The individuals belonging to the over-quotas are discarded or illegally landed. In these cases fishing mortality is not constrained by the TAC. Moreover, unreliable catch statistics produce inaccurate assessments and uncertainty in the advice.
Management of Mediterranean fisheries is not based on defining TACs but rather on controlling capacity and fishing effort. However, assessments of fishing effort are based on national statistical data that often do not provide precise or accurate information on the current level of fishing pressure, exploitation patterns, or how effort is divided by fishing strategy and area. Important variables such as the fluctuations in fish stock, the uncertainty related to population size and dynamics, as well as the inherent spatial components of commercial catch data and their variability in the area have seldom been taken into consideration for stock assessment purposes.
In multispecies multigear fisheries, depending on the structural characteristics of vessels, gears in use, operational aspects, fishing traditions, market or other economical constraints, different proportions of a fleet target different species or species mixes. The use of a gear depends on abundance or availability of the species or on market or industry demand, and hence the distribution of effort in time and space is conditioned by the target species. The fishers' choice of fishing gear, depth range, bottom characteristics and season define the species assemblages that will be caughtIn order to assess the real impact of the different fisheries on the exploited assemblages and on each species individually, the total catch and effort have to be partitioned among the various techniques used by the fleet.
Assessments and management advice has to be based on groups of vessels which have the same target species, use the same port and gear type, fish in the same fishing grounds, have the same fishing time, and follow similar landing and commercialisation procedures.
Catch assessment surveys constitute the traditional data source for stock assessment; however, collecting good quality commercial catch and effort data is not easy and requires a lot of work. In the Mediterranean, researchers have generally used single species based stock assessment approaches with data from trawl surveys (analysis of time series of abundance or mortality rates, yield-per-recruit, etc.). While trend analyses allow evident changes in population size to be identified, they do not provide estimates of stock status as relative biomass (B curr /B MSY ) and relative fishing mortality (F curr /F MSY ) can do (Caddy, 1998) .
The enhancement of the quantity and quality of information on commercial fleet activity in the Mediterranean has made it possible over the last years to use age-based methods as well as production models. An example is the catch assessment survey that began in 1990 in the Viareggio port that has allowed the biomass dynamic approach discussed here to be used.
The model using the parameters estimated with the ASPIC fits the data of all the species and of the species complex well. Even though it is quite difficult to evaluate the reliability of the estimated parameters, the results appear consistent with what we know of the fishery: the total catches, the relative abundance of the species, the evolution of the fishery in the analysed period, and the results of previous assessments carried out with alternative approaches.
Some rough indication of expected values of K or MSY can be derived from a preliminary analysis of the information from commercial catches or from direct biomass estimates from trawl surveys.
As also occur for other biomass dynamic models, the estimates of K in ASPIC are less precise than those of other output parameters. Moreover, the time series does not include the years before the development of the fishery. These years are very informative and including them often increases precision. Considering that there is strong covariance between some estimates, as in the case of r and K, as well as the imprecision of the measure of some parameters, Hilborn, (1996) and Prager, (2005 ) state that some relative levels of stock biomass, such as B currr /B MSY or the exploitation rate F currr /F MSY , should be used instead of the absolute values because they can be estimated more precisely, and hence using them would supply a more precise picture of the condition of the stock. For instance, absolute levels of stock biomass include uncertainty in the estimate of q that normalisation cancels out.
For the parameter r, which is very difficult to measure in wild populations, there are few estimates that could be used for comparisons in literature. Some general indications on the common range of r values are available in the literature, often linked with natural history features. Punt and Hilborn (1996) suggest reasonable values for r based on natural mortality rates. They suggest that r values can range from about 0.2 for stocks with low M to more than 1 for very short-lived species. Blueweiss et al. (1978) defined an empirical relationship between body weight and r for several organisms, including fish. Pauly (1984) updated the set of r values and derived new parameters for the Blueweiss equation. The values obtained with ASPIC for the different species are similar, or in some cases lower, than those that can be obtained with the above mentioned equation. Cortes (2000) also related r to natural history features, such as longevity, age at maturity t m and generation length GL, of some Chrondrichtyan species. For Prionace glauca, assuming that longevity is equal to13 years, t m =4.5 and GL =6.89, this author estimated a value of 0.328. For Dipturus laevis, using life tables, Gedamke et al. (2007) estimated an r value of 0.45. Bousquet et al., (2008) estimated a value of r =0.4 for Georges bank haddock and 0.33 for albacore . Cadrin, (1999) estimated an r value of 0.6 for Georges Bank yellowtail flounder, while for hake species, values between 0.3 and 0.4 were found for Merluccius capensis in Namibia (Polachek et al., 1993) , 0.722 for Merluccius productus in the Gulf of Maine, (Caddy and Defeo,1996) and 0.79 for Merluccius merluccius in Greek waters (Tserpes et al., 2007) . For species with a lower lifespan, relatively high r values have been reported. Eggert and Martinsson (2003) estimated r =0.658 for anchovy and Ye and Rosenberg (1991) determined an r value of 2.5 for the short-lived sable fish Trichiurus haumela in the China Sea.
Most of the species analysed here are relatively short-lived species with a fast turnover. For the European hake, frequently considered a long-lived species, recent findings derived from mark-recapture experiments, suggest a faster growth rate for the species. This finding modifies the perception of the species population dynamics and suggests that it has an early age of maturity and high natural mortality rate. Assuming for the species a mean natural mortality rate of about 0.4-0.5, which is also consistent with M vectors declining with age derived from multispecies VPA for gadoids, the value of 0.57 estimated with the ASPIC does not appear to be far from the guess value that is obtained according to the rules of thumb proposed by Punt and Hilborn (1996) . Values of r around 1.0 seem reasonable for the cephalopods and crustaceans included in the analysis and also for Mullus barbatus and Chelidonichthys lucerna, which are considered relatively fast growing short-lived species.
The relatively high values of r for the species involved in the fishery are likely to constitute an important factor that contributes to the sustainability of this fishing activity, which is exerted by a large number of vessels on a small fishing area.
The results of the assessments presented here are consistent with the available previous assessments for the same area and resources (Abella and Serena, 1998; Abella et al., 2005 a, b) . Despite the generalised high overexploitation status, the observed positive trend of the abundance index LPUE for almost all the species and for the whole assemblage is consistent with the abundance indices derived from trawl surveys in the area and with what can be expected considering the reduction in the number of vessels observed over the studied period, shown in Figure 3 .
M. merluccius, for example, shows a wide spatial and bathymetric distribution that extends further than the boundaries of the fishing grounds of the coastal demersal fishery and is exploited by other fractions of the fleet. Therefore, the results for this species might be biased and less reliable. Although using a surplus model for this species may not be completely appropriate, this species was included in the analyses due to its great importance in the overall landings of the coastal trawlers. A decreasing trend in LPUE was observed up to the year 2000, followed by an almost steady state situation. This change in the general trend, although with large confidence intervals, could be interpreted as a delayed response of this species to a reduction in the overall effort targeting the species that started in the late 90s.
In the case of black goby G. niger, the approach used is probably not sufficient for modelling certain key issues of the species population dynamics. There is an objective difficulty for linking the negative evolution of the species biomass with the reduction in fishing pressure. Some hypotheses can be formulated to explain the observed trend. For instance, it may be related to the relatively low fecundity of the species, an increase in biomass of some competitors of Gobius. niger that compete for food or space, and/or the negative impact of the continuous destruction of nests and benthic eggs as a result of the mechanic action of trawl nets on the grounds.
The results obtained with the forecasting routine of ASPIC, assuming the level of effort is fixed to the value of the last year, suggest an increase in abundance for almost all the species of the coastal groundfish assemblage (Fig. 5) . The expected levels of biomass obtained by not changing the mortality rates are insufficient to maximise yields (by approaching B MSY ) and guarantee sustainability.
Recently, a panel of experts (NEFSC, 2008) revised the assessments of the North American stocks managed under the Northeast Multispecies Fishery Management Plan considering the overall production potential of the fishery based on food chain processes. They compared advice derived from aggregate single stock yield projections with that derived from overall ecosystem production, and identified potential inconsistencies. The results from single species and aggregated species surplus production suggest that "the expected aggregate yield is lower, the B MSY is lower and the overall fishing mortality rate should be lower for the stocks as a whole than those suggested from the single species results". The aggregate scenarios produce more conservative results, which implies that there may be some systemic or model structural limitations in the aggregate scenario that are more fully captured than when a more species-specific approach is employed. They concluded that it is still unclear if B MSY for all species will be energy limited from a systemic perspective.
As regards the possibility of all species reaching their B MSY levels in the context of a multispecies fishery, it is suggested that the ecosystem is unlikely to be able to sustain all stocks at their single-species B MSY levels simultaneously. The analyses have shown that the production model for the sum of species provides an aggregate B MSY estimate that is lower than the value obtained by summing the single estimates from species-specific production models. The aggregated MSY is also lower than the value obtained by summing the estimates from each single species production model. The panel of experts also noted that the aggregated F MSY estimate was lower than most estimates from single-species models. This characteristic was also observed in the present analysis.
Considering the sum of the estimated values of B MSY for the 8 species considered in this analysis, this value represents over 70% of the B MSY estimated for the whole assemblage (which contains more than 40 species) while the sum of the single MSY of these 8 species represents over 90% of the estimated value for the assemblage. In addition, the F MSY estimated for the assemblage is generally lower than those defined on a species-specific basis.
The results of this study, considering the current catch and effort levels related to MSY and the need for some sort of compromise based on a precautionary approach, suggest that a reduction in fishing effort of about 40% of the current level of f is advisable. With this reduction, the biomasses are expected to approach B MSY for almost all the species and produce a relatively high long-term increase in overall yields. It is likely that biomass at this effort level will reach 0.67 B MSY for M. merluccius and about 0.5 B MSY for G. niger at the medium-term.
The progressive although modest reduction in fishing effort that occurred over the analysed period is considered to have led to the observed enhancements in the catch rates. Reductions from 20% to 40% of the current F and 5 years on average are needed for all the species to reach B MSY , except for M. merluccius and G. niger. It is important to note that the biomass levels expected from a 40% reduction in fishing effort are in line with the time horizon set in the Johannesburg Word Sustainable Development Summit and with the EU policy of 2015 (EC, 2006) .
In the case of G. niger, which is the species considered to be in the worst condition, a more drastic reduction (about 75%) and more time (about 8-10 years) would be needed to reach the B MSY reference level.
For G. niger and for the European hake, the expected results of any management action are more uncertain considering that, due to the above mentioned special features, the usefulness of the approach for these species is questionable.
The analysis demonstrated that the available time series of catch and specific effort data was useful for defining a reference value of fishing effort for a species assemblage exploited by a trawler fleet operating near the coast. The approach allowed a reference point in terms of fishing effort to be defined. This is extremely useful in the case of most of the Mediterranean fisheries, which are managed based on fleet capacity and activity. It is worth noting that it was possible to use this approach because a quantification and partitioning in time and space of fishing effort by fishing strategy was available. This is a critical issue in the case of most of the Mediterranean multispecies-multigear fisheries.
In analyses conducted on the Italian coasts, and in particular in the southern Ligurian-northern Tyrrhenian Seas, large regional differences in coastal species abundance trends have been observed. While the species inhabiting the Viareggio grounds have undergone a general increase in recent years, other neighbouring populations have remained stable or decreased. It is likely that these contrasting trends are mainly linked to the evolution of the fishing pressure in the different areas. Future production models applied to these other areas will hopefully clarify these trends and allow managers to determine regional harvest regulations. By identifying appropriate management measures for each region, we can improve our ability to rebuild the coastal demersal populations and provide sustainable resources for the different fisheries.
